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(54) Powder Inhaler 

(57) A dry powder inhaler 10 consists of a chamber 12 into which powder is introduced from a metering system, and a 
mouthpiece 26 through which a patient inhales, connected by aduct 16. so that airflowsthrough the chamber carrying Je 
™er into the patient's lungs. Within the duct is an Impactor 25 consisting of a plate 27 spaced m front of a s-m^arly s^ed 
aperture, and between the chamber and the impactor plate is an orifice 1 8 narrower than f^"^^^^.^^^^^ ^ 
dTerted along S-shaped paths to avoid the plate. The presence of the impador can improve the efficiency o^ ^^"Yf^ o^^^^ 
drug to the lungs, anddecrease the unwanted dose to the mouth and throat, as the latter is principally due to agglomerates 
or larger particles which are Intercepted or broken up by the impactor. 
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Powder Inhaler 

This invention relates to an inhaler whereby a drug 
in the form of a powder nay be delivered to a patient. 

Inhalers are known which operate solely by the patient 
breathing in, the inspired air carrying a powder 
incorporating a drug into the patient's lungs. Examples 
are the Ventolin Diskhaler and the Ventolin Rotahaler 
produced by Allen and Hanbury. In both cases the drug 
powder is delivered into a chamber from an encapsulated 
form which is punctured. On inspiration, air enters the 
rear of the chanber and the powder is carried with the 
inspired air, passing through a grid or lattice with 1.5 nm 
square holes 1 mm apart, and diluting air enters the sides 
of the mouthpiece. 



A disadvantage of this type of inhaler is that the 
drug particles tend to agglomerate and that the larger 

20 oarticle sizes so produced do not penetrate to the lung. 

The lattice through which the aerosol passes is designed to 
break-up these agglomerates to some degree, but as the 
airflow only deviates slightly, the majority of particles 
pass into the mouth of the patient unchanged. Consequently 

25 a large fraction of the aerosol consisting of the 

agglomerates impacts in the area of the mouth and throat, 
reducing the effective therapeutic dose which is carried to 
the lung. In addition, a large dose delivered in the 
mouth/throat area may lead to irritation of the region of 

30 impaction. 

According to the present invention there is provided a 
dry powder inhaler comprising a dispensing chamber into 
which the Dowder is introduced in operation, connected via 
35 a duct to a mouthpiece through which a patient may inspire 
so as to cause air to flow through the chanber, the duct 
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and then the nouthpiece , means within the duct to define an 
orifice, and an impactor in the duct between the said 
orifice and the mouthpiece, the impactor comprising a 
stationary plate substantially transverse to the flow 
5 direction through the orifice but spaced along the duct 

from the orifice, such that substantially all the air flow 
through the orifice is deviated abruptly along successive 
L-shaped paths to avoid the plate, and such that larger 
particles carried by the air flow impact with the plate due 
10 to their inertia. 

Substantially all the air flow is diverted by the 
impactor and the duct wall; small particles are carried 
along with the diverted air flow, whereas large particles 

15 or agglomerates impact with the plate or the duct wall. 
The shape of the orifice is not critical. It might for 
example be circular, square, or rectangular, or there might 
be a plurality of orifices. The plate is desirably of a 
larger projected area than the orifice, and nay be flat, or 

20 may be curved; in one embodiment the plate is circular, 
with a concave surface facing the air flow but with a 
central convex portion. The dimensions of the impactor 
depend upon the sizes of the particles which it is desired 
to intercept, and the sizes of those which are to emerge 

25 from the inhaler. There may also be means to define an 

aperture downstream of the impactor and spaced apart from 
it, to impose an additional S-shaped deviation on the air 
flow. 

30 The invention v/ill now be described, by way of example 

only, and with reference to the accompanying drawings in 
which: 



Figure 1 



shows a • lonqi tudinal sectional view of an 



35 



Figure 2 



inhaler; 

shows a diagrammatic longitudinal sectional 
view of an inhaler; 
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Figure 3 shows a modification to the inhaler of 
Figure 1; 

Figure 4 shows a longitudinal sectional view of an 
5 alternative inhaler; and 

Figure 5 shows a longitudinal sectional view of 
another alternative inhaler. 

10 Referring to Figure 1, a powder inhaler 10 comprises a 

dispensing chamber 12 shown only in part, of conventional 
design with an air inlet at one end (not shown) and with 
means (not shown) for introducing a drug powder from a 
capsule into the chamber 12. At the other end of the 

15 chamber 12 is a coarse grid 14 with holes 1.5 mm square 

separated by 1 mm wide strips. To the chamber 12 outside 
the grid 14 is connected a three-section duct 16. A first 
tubular section 18 is of oval cross-section 15 mm by 8 mm; 
two 2 mm diameter holes 20 are provided at opposite sides. 

20 This is connected by a cylindrical linking section 22 of 
internal diameter 20 mm to a tubular end section 24 of 
length 23 mm and of circular cross-section 17 mm in 
internal diameter, with an impactor 25 at one end and 
definina a mouthpiece 26 at the other. The impactor 25 

25 comprises a circular plate 27 of diameter 15 mm supported 
by four struts 28 each 7 mm long in front of the aperture 
defined by the open end of the end section 24; the plate 
27 is curved, with a concave surface facing the air stream 
and with a 5 mm diameter convex hemisphere at the centre. 

30 

In use of the inhaler 10 the patient places a drug 
capsule into the inhaler 10 and operates the means for 
introducing the dry powder into the chamber dispensing 12. 
The patient then inhales through the mouthpiece 26. This 
35 draws in an air stream through the chamber 12, so the 
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powder is picked up and carried through the grid 14 and 
along the duct 16; a secondary air stream is drawn in 
through the holes 20, The air flows *faster through the 
orifice defined by the oval tube section 18 than through 
the linking section 22. The air stream carrying the powder 
(which may include agglomerates) must then pass the 
impactor 25 before reaching the patient's mouth. The 
inpactor plate 27 causes the air stream to be diverted to 
reach the aperture as described in more detail below; 
substantially all the air flow (at least 80%) is deviated 
by the presence of the plate 27. Small particles follow 
the air stream around the edge of the plate 27, but large 
particles owing to their inertia will impact on the plate 
27. They may remain on the plate 27, or rebound towards 
15 the grid 14, or be broken up by the impact. Larger 

particles thrown back will enter a region of turbulent air 
flow and may be broken up here; alternatively they may 
impact on the sides of the linking section 22. The small 
particles produced as a result of these processes will be 
re-entrained in the air stream and so will reach the 
patient. 



20 



Thus the presence of the impactor 25 causes larger 
particles either to break up or to remain in the inhaler 10 
(on the surface of the plate 27 or the section 22), 
reducing their delivery to the mouth and throat region of 
the patient, so reducing side-effects of the drug. 
Experir.ents have confirmed that delivery to the mouth and 
throat is considerably reduced, while there is a 
corresponding increase in the efficiency of delivery of the 
drug to the patient's lungs. For example using a Ventolin 
Diskhaler modified by the provision of the linking section 
22 and the end section 24, lung dose was found to rise from 
14% of the metered dose to 19-22%, while the mouth/throat 
35 dose dropped fron 24% of the metered dose to 13-15%. 

Furthermore the duct sections 22 and 24 and the impactor 25 



30 
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do not significantly increase the resistance to air flow 
through the inhaler for the patient. 

Referring to Figure 2, a powder inhaler 30 
5 (represented diagrammatically ) comprises a chamber 12 as 
described above with a grid 14 at one end. Outside the 
grid 14 is a duct 32 consisting of a narrow first portion 
33, a wider portion 34, and finally a narrower mouthpiece 
35. A flat impactor plate 36 is supported within the wider 

10 portion 34 so as to obstruct and divert the air flow 

emerging from the first portion 33. The air emerges as a 
jet from the end of the first portion, and the effect of 
the plate 36 and the surrounding duct wall is to produce 
abrupt changes of direction on the air stream, so as 

15 indicated by the solid arrows A the air follows S-shaped 

paths (or, more precisely, two successive L-shaped paths). 
Larger solid particles do not follow these paths, and are 
carried by their inertia to hit the plate 36, or to hit the 
inner surface of the duct portion 34. The air flowing 

20 through the peripheral gap around the plate 36 must then 

undergo changes of direction to reach the mouthpiece (shown 
by broken arrows B), but these changes are less abrupt, so 
any particles small enough to be carried beyond the plate 
36 can be expected to reach the mouthpiece 35. 

25 

The size of the particles which emerge with the air 
stream from the inhaler clearly depends on the abruptness 
of the changes of direction that the air has undergone. 
Considering the effect of the plate 36, the particle 
30 diameter d for which half the initially-present particles 

undergo impaction, referred to as the cut-off diameter, has 
been found to be given by: 



d = K (pD/V)t 

35 

where p = 3.24 x 10-7 ^Vs 

D = diameter of air jet 

V = velocity of air jet at the centre 
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and K is a d imens ionless constant determined by the 
cross-sectional shape of the jet and by the ratio of the 
jet-to-plate spacing to D. If this ratio is 3 the value o: 
K is 0.57 for a rectangular jet and 0,38 for a circular 
5 jet. (This distance ratio is desirably between 0.35 and 
10, preferably between 1 and 4; the larger this ratio the 
less sharp is the cut-off between those particle sizes 
which undergo impaction and those which do not, and K 
becomes slightly larger. The parameter p is in fact given 
10 by 18 times the coefficient of viscosity of air divided by 
the product of the density of the particle material and a 
slip factor which is just above one for particles or 
agglomerates greater than a micron in diameter). 

15 Thus considering the inhaler 10 of Figure 1, the air 

jet is defined by the oval duct section 16. If the air 
flow rate is 60 litres/nin then: 



V = 8. 8 m/s 
20 D = 8 X 10~3 n 

K = 0.48 (for an oval jet) 



Hence the cut-off diameter is about 8.2 microns. 

25 Referring to Figure 3 there is shov/n an inhaler 40 

which differs from that of Figure 1 only in including an 
insert 42 in the end of the duct section 18 remote from the 
grid 14, the insert 42 defining a tubular orifice 44 for 
air flow circular in cross-section and of diameter 7.5 mm. 

30 With the same air flow of 60 litres/min, the velocity will 
be greater and the jet diameter less, so the cut-off 
diameter is less, as follows: 



V = 2 2.6 m/s 
35 D = 7. 5 X 10-3 p 

K = 0.38 



so the cut-off dianeter is about 3.9 microns. It will be 
appreciated tha the cut-off diameter can be adjusted to 
suit a particular drug and a particular application, by 
using an insert 42 defining a tubular orifice of a suitable 
diameter, as long as the resistance to air flow is not so 
large as to lower the air flow rate through the inhaler 
40. 

In the inhalers of Figures 1, 2 and 3 the orifice from 
which the air jet emerges is sufficiently far from the grid 
14 that the spatial flow variations due to the grid 14 are 
negligible. If the irapactor plate is closer to the grid 14 
then the characteristic dimension of the air jet, D, will 
be the width of the grid orifices. For example referring 
to Figure 4 an alternative inhaler 50 is shown. It 
comprises a chamber 12 as described above, with a coarse 
grid 14 with holes 1.5 mm square at one end. A duct 52 is 
connected to the chamber 12 outside the grid 14. The duct 
52 is of length 55 mm and of elliptical internal 
cross-section 15 m.m by 8 mm, the end remote from the grid 
14 providing a m.outhpiece 54. 

VUthin the duct 5 2 are two flat impactor plates 56, 
each elliptical, 13 mm by 6 mm and supported by three 
equally spaced struts (not shown), one being 5 mm along the 
duct 52 from the grid 14, and the other 25 mm from the grid 
14. A peripheral ring 58 defining an aperture of the same 
shape and orientation as the plate 56 but of dimensions 
10 mm by 4.5 mm is fixed to the duct wall 5 m.m behind each 
impactor plate 56. 

The inhaler 50 is used in the same manner as the 
inhaler 10, the patient inhaling through the mouthpiece 54 
so that an air stream carrying drug powder passes through 
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the grid 14 and along the duct 52. As described above the 
impactor plates 56 cause larger particles and agglomerates 
to be broken up or removed from the air stream, so 
increasing the efficiency of delivery of the drug to the 
5 patient's lungs. The grid 14 in this case provides a 

plurality of orifices, through which the air flows are in 
parallel. Substantially all the air flow is significantly 
deviated, by the impactor plates 56 and then by the 
subsequent peripheral rings 58. 

10 

The first impactor plate 56 is close enough to the 
grid 14 that the width of the air jets is the width of the 
grid squares, that is 1.5 mm. The grid 14 consists of 
thirty two such square orifices. V-ith an air flow of 60 
15 litres/min the cut-off particle diameter provided by the 
first plate 56 is found from: 



V = 13.9 m/s 
D = 1.5 X 10"3 PI 
20 K = 0.57 



so that the cut-off diameter is about 3.4 microns. The 
peripheral ring 58 then creates an air jet to impact with 
the second impactor plate 56. In the embodiment described 
25 the particle size distribution is affected only slightly by 
the flow deviations downstream of the first plate 56; for 
example for the second impactor plate 58 we have: 



V = 21.2 m/s 
30 D = 4. 5 X 10-3 in 

K = 0.48 



so the cut-off diameter is about 4.0 microns. Where two 
impactors are arranged in series, as in the inhaler 50, 
35 they might instead be designed so the second impactor 
produces a smaller cut-off than the first impactor. 

Referring now to Figure 5 there is shown a sectional 
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view to a larger scale of an alternative inhaler 60. This 
includes a powder dispensing chamber 12 as described above. 
An oval duct 6 2 extends 30 mm from the chamber 12; adjacent 
to the chamber 12 it is 20 mm by 12 mm while at the other 
5 end, which forms a mouthpiece 64, it is 15 mm by 8 mm. 
Within the wider part of the duct 62 are two slotted 
plates: the first plate 66 defines six slots each 1 mm wide 
and 12 mm long separated by 2 mm wide plate strips, while 
the second plate 68 defines seven identical slots separated 
10 by 2 mm wide plate strips. The plates 66 and 68 are 3 mm 
apart, and are such that the slots are staggered relative 
to those in the other plate, so each slot in the plate 6 6 
is aligned midway between two slots in the plate 68. 

15 The inhaler 60 is used in just the same way as the 

inhalers described earlier. The air jets created by the 
slots in the first plate 6 6 impact with the strips between 
the slots in the second plate 68. In this case the air 
jets are rectangular, 12 mm long and 1 mra wide. If the air 

20 flow rate is 60 litres/nin we have: 

V = 13. 9 m/s 
D = 1 X 10-3 n 
K = 0.57 



25 



30 



so the cut-off diameter is about 2.8 microns. 

It will be appreciated that the above embodiments are 

described by way of example only. In each case the 

dimensions of the jet-creating orifice and the other 

dimensions of the impactor can be adjusted to obtain a 
desired cut-off diameter. 



35 
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ClaiiDS 

1. A dry powder inhaler comprising" a dispensing chamber 
into which the powder is introduced in operation, connected 

5 via a duct to a mouthpiece through which a patient may - 
inspire so as to cause air to flow through the chamber, the 
duct and then the mouthpiece, means within the duct to 
define an orifice, and an impactor in the duct between the 
said orifice and the mouthpiece, the impactor comprising a 

10 stationary plate substantially -transverse to the flow 

direction through the orifice but spaced along the duct 
fron the orifice, such that substantially all the air flow 
through the orifice is deviated abruptly along successive 
L-shaped paths to avoid the plate, and such that larger 

15 particles carried by the air flow impact with the plate due 
to their inertia. 

2. An inhaler as claimed in Claim 1 wherein the ratio 
between the distance along the duct between the impactor 

2G plate and the orifice, and the smallest width of the 
orifice, is between 0.35 and 10. 

3. An inhaler as claimed in Claim 2 wherein the said 
ratio is between 1 and 4. 

25 

4. An inhaler as claimed in any one of the preceding 
Claims wherein the impactor plate is of larger projected 
area than the orifice. 

30 5. An inhaler as claimed in any one of the preceding 

Claims also comprising means within the duct to define an 
aperture downstream from the impactor plate and spaced 
apart from it, so as to impose an additional S-shaped 
deviation on the air flow. 
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6. An inhaler as claimed in any one of the preceding 
Claims wherein the orifice-defining neans defines a 
plurality of orifices through which the air flows are in 
parallel. 

7. An inhaler as claimed in any one of the preceding 
Claims comprising within the duct at least two 
orifice-defining means spaced apart along the duct and 
with an impactor plate downstream of each orifice. 

8. An inhaler as claimed in Claim 7 wherein one such 
impactor plate is such as to have a larger cut-off diameter 
than a second impactor plate nearer to the mouthpiece. 

15 9. A dry powder inhaler substantially as hereinbefore 
described with reference to, and as shown in, any one of 
the accompanying drawings. 
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